A steel bar in concrete initiates corrosion, when the chloride content of concrete at the depth of steel bar exceeds the chloride threshold level. The interfacial void between steel bar and concrete is an important factor affecting the chloride threshold level. It has been reported that a decrease in the interfacial void content to below 0.5% resulted in a sharp increase in the chloride threshold level to above 2%. In order to use this relation effectively, it is necessary to develop the measuring method of the interfacial void content in a real structure, because construction work such as compaction influences the interfacial void content greatly. This study proposes the method measuring the interfacial void content by observing the surface of a hole prepared beforehand in concrete with a CCD micro-endoscope camera. In this study, the state of voids observed on the surface of the hole is investigated as compared with that of voids on the steel-concrete interface. The interfacial void content concerned in the chloride threshold level can be measured suitably by the proposed method.
INTRODUCTION
There is deterioration of a reinforced concrete structure due to the corrosion of a steel bar embedded in concrete by chloride ingress. There has been a widely accepted idea that the service life of the reinforced concrete structure exposed to chloride ingress may be assessed by the sum of a incubation term and a propagation term. The incubation term is a period from start of service to time of corrosion initiation. The propagation term is a period that the steel bar corrodes until a limit state, which defined by the generation of cracking in cover concrete or spalling of cover concrete, is reached.
It is recognized that a steel bar in concrete begin to corrode when chloride concentration around the steel bar exceeds the chloride threshold level. In the Standard Specification for Design and Construction of Concrete Structure published by JSCE [1] , it is adopted that time taken for the chloride content of concrete at the depth of the steel bar to exceed the chloride threshold level is estimated based on Fick's law and the durability performance against the chloride attack of the reinforced concrete structure is assessed by the use of the obtained incubation term. In the estimation of incubation, the diffusion coefficient and the surface chloride content are determined by the concrete quality and the environmental condition, respectively. However, the same value is used for chloride threshold level in any cases.
The chloride threshold level depends on a physical condition of the steel-concrete interface, properties of concrete and external environment. Especially, it has been reported that the physical condition of the steel-concrete interface is a key factor affecting the chloride threshold level [2] . Figure 1 shows the chloride threshold level for specimens with four kinds of cements as a function of the percentage of voids at the steelconcrete interface [3] . The chloride threshold level and the interfacial void ratio have good correlation regardless of the cement type. When the interfacial void ratio is reduced to below 0.5%, a significant increase in the chloride threshold level occurs.
From the relation shown in Figure 1 , a more durable reinforced concrete structure can be built by reducing the interfacial void content. For that purpose, it is necessary to assess an entrapped air void content at the steel-concrete interface on site, because the interfacial void content is susceptible to the extent of compaction in construction work. This study proposes the method measuring the entrapped air void content at the steel-concrete interface in a real structure. The proposed method is based on observing the surface of a hole prepared in arbitrary positions with a CCD micro-endoscope camera. The situation of the void observed on the surface of the hole is investigated as compared with that of the void of the steelconcrete interface.
BASIC IDEA ON MEASUREMENT
There are many non-destructive testing methods for the defect detection in concrete as the investigation technology on a real concrete structure. These methods are classified based on the theoretical principle as follows: 1) Sonic/Ultrasonic methods, 2)Electromagnetic methods, 3) Electrical methods, 4) Infra-red thermography, 5) Radiography [4] . Moreover, there are also technologies combining some methods to survey with sufficient accuracy [5] . The existence of a defect with a size of several cm can be detected by using these methods, although the depth from investigating surface is restricted. However, the present technologies cannot find a void with a size of around 1mm. As mentioned above, the interfacial void ratio below 1% must be measured correctly because of a sharp change of the chloride threshold level.
In this study, the visual observation method like Borehole Image Processing System [6] is adopted, provided that the inside face of a hole prepared beforehand instead of an excavated hole is observed by a CCD micro-endoscope camera. CCD is abbreviated from a chargecoupled device and a special piece of silicon. An image of the inside face of the hole is Interfacial Voids (%) Chloride threshold (% cement) SRPC OPC 30% PFA 65% GGBS Prediction (Reference) transformed into electrical signals as digital dates by means of the CCD. The quantitative measurement of interfacial voids can be performed by obtaining the image with high resolution and analyzing it. The CCD digital camera having the performance with which it is fully satisfied of the purpose of this study has been already put in practical use [7] . Furthermore, this method has the merit that concrete quality does not influence the measurement.
OUTLINE OF EXPERIMENT
Mix design for manufacturing specimens is given in Table 1 Specimens were cast in 100 mm cubic moulds. A steel bar with a diameter of 20 mm and a Perspex pipe with an external diameter of 23 mm and an internal diameter of 17 mm were embedded as shown in Figure 2 . The Perspex pipe was used in order to make an inspecting hole in concrete. Furthermore, the experiments using the Perspex pipe covered by a thin natural rubber membrane in the outside were also conducted. Varying the degree of compaction was adopted as the method of producing interfacial voids similar to the previous study [3] . The moulds were vibrated with vibration times ranging from 30 to 180 seconds. After demoulding, the specimens were cured under room conditions for 7days, then split along the steel bar and the Perspex pipe (at A-A section in Figure 2 ) to visually examine the state of the steel-concrete interface and the Perspex-concrete interface. In addition, observation by inserting a CCD micro-endoscope camera into a hole was carried out without breaking a specimen. The hole was made by pulling out the Perspex pipe with the rubber membrane from the specimen.
Magnified images of a cracked surface and of a surface inside a hole were acquired using a CCD camera linked to a computer. The set-up of observation for the cracked surface of a specimen is illustrated in Figure 3 . The image was processed by software as follows. The entrapped air voids in the image was turned into black pixels, while the part except for the voids was converted into white pixels in a bit map as shown in Figure 4 . The percentage of black pixels to the number of total pixel of the area on a steel-concrete interface in the image then gives the void content. A diameter of the air void surrounded by the solid line circle is about 1mm. Voids less than 0.1 mm in diameter can be detected as shown in Figure 4 . The Air void surrounded by the dotted line circle isn't turned into black pixels partially because of the lighting arrangement. This is correctable on a computer with image processing. On the contrary, when the portion which isn't voids is changed into black pixels, it also can process by the same method. By comparing with the traditional point count method on cut and polished surfaces, it has been reported that the image analysis method has the accuracy which should be satisfied as a quantifying the void content [3] . Figure 5 shows a relationship between the interfacial void content on a steel bar and that on the Perspex. Measurements distribute above the straight line with 45° which expresses that both of interfacial air void content are equal. That is, there is a tendency which the interfacial void content on the Perspex is slightly less than that on a steel bar. The broken line in Figure 5 is the regression line with a constant slope obtained by using the least-square method. According to the regression line, there is less the interfacial air void content on the Perspex by 0.1% than that on the steel bar. This reduction for the interfacial void content is caused by the difference in the surface condition of the steel bar and the Perspex.
RESULTS AND DISCUSSION

Effect of Perspex on visual observation of interfacial void
The surface of Perspex is smoother than that of a steel bar so the surface of concrete removed from a Perspex pipe is glossy. Therefore, it can be considered that the air voids can easily to move from the area under the Perspex pipe. However, from the visual observation of split specimens, it was judged that this hardly affects the reduction of the interfacial void content by the use of Perspex.
The important phenomenon affecting the measurement of interfacial voids is whether air void closes or not. Figure 6 shows a typical example of an image on the interface between Perspex and concrete. The upper image in Figure 6 shows a split surface of specimen before the removal of the Perspex The difference between the upper image and the lower image for the existence and the absence of interfacial voids is caused by the removal work of a Perspex pipe. That is, by removing the Perspex pipe, the cement paste that form voids is also taken together. As a result, voids appear on the Perspex-concrete interface. As for the difference in Figure 5 , it is conceivable that Perspex sticks less easily with cement paste than steel. Figure 7 shows an example of closed air voids. About the image before the removal of the Perspex pipe, three large air voids can be recognized through the Perspex pipe by the difference in the color on the concrete surface. However, the small voids in addition to three large air voids are shown in the image after taking the Perspex pipe. It is difficult to recognize a small air void by a color tone of concrete surface. Therefore, about the measurement at real structures, it isn't suitable to observe an inside face of the inspection hole through the Perspex.
4.2
Observably interfacial void for measurement From this investigation, the air voids neighboring the interface between steel and concrete are divided broadly into two categories, open voids and closed voids, as shown Figure 8 . The existence of cement paste layer on the surface of the steel bar may effectively insulate some Mixture of its surface restricting both the cathodic and anodic reactions there. Corrosion has been associated with the presence of large voids adjacent to a prestressed wire [8] . It has been also reported that corrosion initiates at the entrapped air voids adjacent to a steel bar in most cases [3] . Therefore, the open voids must be measured. Furthermore, the kind of the interfacial voids relating to the chloride threshold level, open voids or closed voids, has not been explained in the previous study [3] which obtained a relationship shown in Figure 1 . Since an image of a concrete interface removed a steel bar was taken, the closed void shown in the middle of Figure 8 may be included in the interfacial voids. Figure 9 shows an example of cement paste bonded the surface of the steel bar when the steel bar is taken off from concrete. The bonded cement paste is in the inner side surrounded by an ellipse. From the above-mentioned facts and the reason that the interfacial void content including closed voids evaluates the chloride threshold level on corrosion initiation in safety side, this study investigates the method quantifying the interfacial void content containing closed voids further. 
Effect of rubber membrane on visual observation of interfacial void
The effect of natural rubber membrane on the interfacial void content was examined instead of the Perspex. The examination method is the same as that of the case of the Perspex, provided that the outside face of the Perspex pipe was covered with a rubber membrane. Figure  10 shows a relationship between the interfacial void content on the steel bar and that on the rubber membrane. Although there is a certain amount of variation, test results are distributed near the both sides of the solid straight line with 45°. The broken straight line in the figure is the regression line calculated by the least square method. The broken line is located close by the solid line, and there are very few differences between both lines. The standard error of the estimation by the regression is 0.31%. The entrapped air void content at the rubber-concrete interface is considered to be almost the same as that at the steel-concrete interface. This reason may be due to the fact that cement paste adheres to the surface of the rubber membrane at the same degree as the steel surface when removing the rubber membrane from concrete. Figure 11 shows an example of cement paste of voids adhering to the surface of the rubber membrane. Cement paste at the location of the entrapped air void is copied on the surface of the rubber membrane line symmetrically. Therefore, the interfacial void content related to the chloride threshold level must be able to be evaluated by observing the inside of the inspection hole which tears off the rubber membrane.
Proposal of apparatus of inspection hole
Based on the above examination, it proposes about an apparatus of the inspection hole for quantifying the entrapped air void on the steel-concrete interface. The apparatus embedding to a concrete structure is illustrated in Figure 12 . The apparatus consists to the front part and the back part. The front part is a taper pipe with a rubber membrane and the pipe is made tapering off in order to Since Perspex is used for the back part, the condition of concrete under compaction work is observable, and the open voids can also be measured. When measuring the interfacial void, it is necessary to move the taper pipe to the back part. For the movement of taper pipe, it is considered that the method pulling the taper pipe with a string from the outside directly, the method pulling the taper pipe with a spring lengthened beforehand or so on. The outline of method used for the spring is shown in Figure 12 . In this case, the wedge restricting the motion of the taper pipe by the spring is also taken off by the operation from the outside. The diameter of the taper pipe is determined corresponding to a steel bar used for a structure. A length of the taper pipe will be required for at least 10 cm from this study and the previous study [3] .
The interface peeled the rubber membrane is observed by a CCD micro-endoscope camera. Figure 13 shows an outline of the observation on an inside of a hole by the CCD microendoscope camera. Figure 14 shows the relationship between the interfacial void content observed by the CCD camera at cracked surface and that observed by the CCD microendoscope camera at the inside face of the hole. In the case of the CCD micro-endoscope camera, each one void on the surface inside the hole is measured. The area of each void is summed up and it can get the interfacial void content from the calculation that total area of voids is divided by the area of a measuring region. Judging from Figure 14 , the observation by the CCD micro-endoscope camera may be proper for the measurement of the interfacial void. In order to improve accuracy for the observation by the CCD micro-endoscope camera, it is necessary to keep the distance between camera and inside face of the hole constant. 
CONCLUSIONS
In this investigation, the method quantifying a steel-concrete interfacial air void for evaluating the chloride threshold level on corrosion initiation was studied. Following conclusions were obtained.
− In regard to the interfacial voids related to the chloride threshold level on corrosion initiation, the closed air void near the steel-concrete interface must be taken into consideration in addition to the open air void at the steel-concrete interface. − The measurement by the image analysis for the concrete surface formed using Perspex underestimates the entrapped air void content at the steel-concrete interface. − The entrapped air void content measured by observing the concrete surface that the rubber membrane is removed from is almost the same as that at steel-concrete interface. − The apparatus of the inspection hole for quantifying the entrapped air void on steelconcrete interface was proposed. Because the inside of the inspection hole which the rubber membrane is removed from is observed in this method, this apparatus can observe the closed void and the open void near steel-concrete interface.
As a future subject, it is necessary to investigate further the measurement of the interfacial void using the proposed apparatus to a large-sized concrete member or a real concrete structure.
